As the functionality of a passenger car has reached at a satisfactory level, customer needs for aesthetic aspects of a d esign su ch a s shape and material b ecome increased. The p resent s tudy developed s atisfaction models for passenger car interior materials by applying methods of variable screening and recoding. Six interior parts of a passenger car were selected including crash pad, steering wheel, transmission gearshift knob, audio panel, and woodedmetal grain. Eight to fifteen material design variables were defined for the six interior parts. A satisfaction survey was conducted to 30 vehicles with 30 participants (mean (SD) of 28.7 (6.6) in age) by using a modified magnitude estimation scale. Methods of variable screeninghecoding were proposed to develop models that are stable and of statistical/practical significance. By applying the variable screeninghecoding methods to the surveyed satisfaction data, satisfaction models were developed for the six interior parts. Using the satisfaction models, material designs to improve customer satisfaction were prepared and their potential effects were estimated.
Introduction
As the functional capabilities of passenger cars (such as speed and horsepower) reach at a satisfactory level, customers consider aesthetic aspects (such as color, shape, and material) more importantly than before (Jindo and Hirasago, 1997) . Kansei engineering has been applied to develop models explaining the relationships between aesthetic aspects and customer satisfaction in product design. Whde most Kansei engineering studies on automobile designs (e.g., Tanoue et al. (1997) , Jindo and Hirasago (1997) , and Nakada (1997)) have focused on visual design variables, few Kansei studies exist focusing on material design variables (e.g., softness and slipperiness).
The objectives of the present study are twofold: (1) develop satisfaction models for materials used in the interior of a passenger car and (2) propose methods of variable screeninghecoding for the development of models that are stable and significant from statistical and technical aspects. An experiment was conducted to survey the levels of satisfaction with various interior materials. Then, a procedure to develop a satisfaction model was established which includes the methods of variable screening and recoding. By applying the model development procedure to the satisfaction survey data, satisfaction models were constructed for the interior materials.
Survey of Material Satisfaction
Participants A total of 30 men participated in the material satisfaction survey. Twenty-one participants were in their twenties and nine were thirty or above in age (average (S.D) = 28.7 (6.6)); fifteen were design engineers at a motor company and the others were students in college.
Interior Materials and Passenger Cars
As shown in Figure 1 , six interior parts (crash pad, steering wheel, transmission gearshift knob, audio panel, and woodedmetal grain) of a passenger car were selected for evaluation of interior materials. These six parts are located in the front of the car and most frequently interfaced with the driver. A total of 30 cars (23 compact cars and 7 sport-utility vehicles whose models are different from each other) were used in the material evaluation. These vehicles were at one place in a motor company and had various properties of interior materials. The number of vehicles evaluated for each interior part varies as shown in Table 1 because the vehicles had different properties of interior materials. 
Design Variables and Measurements
Material design variables were defined for the six interior parts by surveying the web sites of customer reviews, opinions of interior design engineers, and a related study. From the customer review web sites, design variables that customers considered important were identified. From interior design engineers of a motor company, additional information of interior material characteristics was obtained. Lastly, two variables (softness and slipperiness) studied by Nishimatsu et al. (2001) were accommodated to the present study. Based on the design variable survey, 8 to 15 material design variables and corresponding levels were defined for the interior parts. As an example, I embossing I 0.7-0.9.6: 0.9-1.1.7: >1.1)
The values of material design variables were determined by objective and subjective methods. As objective tools, a ruler or the standard of colors were used. For design variables where objective tools were unavailable, subjective evaluations of four experimenters based on the defmitions of the variable levels in Table 2 were utilized to determine their values.
Satisfaction Scale
The degree of satisfaction with a material was evaluated by using a modified magnitude estimation scale as shown in Figure 2 . Studies such as Han et al. (2000) and Yun et al. (2001) which surveys customer satisfaction with certain design characteristics have employed a magnitude estimation scale for sensitivity reasons. In the present study, participants were asked to evaluate satisfaction with a certain material by visual examination and/or touch. 
Procedure
The participants evaluated the materials of the 6 interior parts for 30 vehicles. The orders of the vehicles and interior parts to be evaluated were completely randomized to counterbalance learning and fatigue effects during the evaluation.
The satisfaction survey consisted of three sessions: introduction, main, and debriefing sessions. During the introduction session, the purpose and method of evaluation were explained by the administrator. Then, in the main session, each participant went to a particular vehicle by following a predetermined order and then evaluated the materials of the six interior parts at the vehicle based on the planned sequence. Lastly, a debriefing session was held. The total time to complete the evaluation for all the participants was about three hours.
Development of Satisfaction Models
Satisfaction models of the six interior parts were developed by following three stages (see Figure 3) 
Statistical Significance
First, the statistical significance of each variable was evaluated to include design variables showing a satisfactory statistical power in the subsequent model development processes. For this statistical significance evaluation, ANOVA was conducted by defining satisfaction as the dependent variable and a particular design variable, age, and the interaction between age and the design variable as factors; age was included in ANOVA to separate the effect of the differences in age among the participants from the error sum of squares. Table 3 illustrates the results of ANOVA for the material design variables of crash pad, indicating all design variables except saturation and age are significant but none of the interactions are significant at ct = .05. 
Technical Signipcance
Next, the design variables with statistical significance were examined to identify if they affect satisfaction in a systematic manner (referred to as technical significance). The technical significance of a particular design variable was analyzed by plotting the averages of satisfaction scores along the levels of the design variable-if the pattern of change in satisfaction is systematic (random), the design variable is defined as one having techmcal significance (insignificance). As an example, Figure 4 shows that slipperiness lacks technical significance by affecting satisfaction at random while brightness has technical significance by influencing satisfaction in a second-order curvilinear pattern. The orders o f t he relationships b etween the material design variables o f crash pad and satisfaction are summarized in Table 5 . 
Technical Compatibility
Then, the design variables having both statistical and technical significance were checked to identify if the directions of their effects on satisfaction contradicts to previous findings and knowledge of experts (referred to as technical compatibility). Regression was conducted with a particular design variable as an independent variable and satisfaction as the dependent variable; then, the sign of each regression coefficient was examined for technical compatibility evaluation. As an example, no design variables of crash pad were found showing effects on satisfaction against existing knowledge (see Table 5 ).
Practical Significance
Last, the design variables having statisticalltechnical significance and technical compatibility were investigated to check if their effects on satisfaction are large enough from a practical aspect (defined as practical significance). A design variable which has a negligible effect on satisfaction should be better excluded from a satisfaction model for simplicity reasons.
The practical significance of a design variable was analyzed in three steps: (1) grouping levels of the variable by a multiple comparison test, (2) averaging satisfaction scores for each group, and (3) comparing the differences in average between the groups with a criterion designated. For example, as shown in Table 4 , the levels of shininess were grouped into two (group 1: levels 1, 3, 2.5, 2; group 2: levels 4, 5, 6 ) by Duncan's multiple range test at cx = .OS. Then, the averages of satisfaction scores for the two groups and their difference were calculated. Last, the difference of the two group averages was compared with a criterion (say, 5). Since the average difference (= 7) is higher than the criterion, shininess was considered practically significant. The results of practical significance evaluation for the material design variables of crash pad are displayed in Table 5 . 
Recoding the Levels of Variables Ordering and Recoding the Levels of Categorical Variables
The levels of a categorical design variable were ordered by satisfaction score average to develop a satisfaction model with simplicity. By ordering and then recoding the levels of a variable, a linear relationship could be constructed between satisfaction and the recoded variable. As an example, Figure 5 shows the levels of embossing shape were ordered by satisfaction score and then recoded. 
Grouping and Recoding the Levels of Variables
To develop a satisfaction model with simplicity, the levels of a variable that are insignificantly different in satisfaction were grouped and recoded. To group the levels of a particular variable, Duncan's multiple comparison test w as applied. Figure 6 demonstrates that the levels of shininess can be grouped into two (group 1: levels 1 to 3; group 2: 4 to 6). 
Applying Satisfaction Models
By using the satisfaction models developed, improved material designs were suggested for the six interior parts. As an example, Table 6 displays a material design of crash pad which was prepared by combining the levels of design variables that were identified as those maximizing satisfaction in the technical significance analysis.
In addition, by using the satisfaction models, the potential effects of the improved designs on satisfaction were examined and compared with other material designs. Table 7 illustrates the mean estimates and 95% confidence intervals of satisfaction for three different crash pad materials; the satisfaction level of the suggested design is 14 to 28 points higher than those of the materials in the two vehicles surveyed. 
Discussion
The present study identified 1 5 design variables for the interior materials of a passenger car by using three types of sources (web sites of customer reviews, opinions of interior design engineers, and previous studies of interior materials). From these various sources, a comprehensive set of interior design variables could be defined effectively for the satisfaction survey. In addition, it was identified that the internet is a valuable resource to extract information of designs affecting customers' satisfaction.
Of the 15 design variables, the values of 5 variables (shminess, clearness of embossing, roughness, softness, and slipperiness) were determined by subjective judgment of 4 experimenters. The subjective judgment method was used for design variables where corresponding objective methods were unavailable. Whde the present study averaged evaluations o f the experimenters to determine the value of a design variable, the measure mode can be employed as an alternative.
Methods of screening design variables and recoding the levels of variables were proposed to develop satisfaction models that are stable and significant from practical and technical aspects. Design variables were included in the models which showed satisfactory statistical powers, had practically significant effects on satisfaction, demonstrated systematic changes in satisfaction, and were in agreement with corresponding previous findings. Next, the present study has quite a few categorical variables (e.g., 4 out of 13 variables for crash pad, see Table 2 ) with 2 to 8 levels; thus, use of indicator variables for these categorical variables in regression analysis would produce a satisfaction model with undesirable complexity.
